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Abstract 
Two principles of good teaching are encouraging active learning and 
emphasizing time on task. Three logically distinct components, ability, 
inclination, and sensitivity have been identified as necessary for dispositional 
behaviour towards critical thinking. Not all students do possess all three, and 
some may lack the discipline-sensitive imagination to develop their own 
activities for their learning: this is where technology helps us devise well-
designed exercises. Furthermore access to activities that students enjoy 
interacting with should encourage them to spend more time with the 
material, hence increasing ‘time on task’ in a productive way. An on line site 
was developed a couple of years ago in the unit Clinical Physiology. The site 
has now been evaluated by questionnaires given to students. Results show 
that access and navigation are satisfactory, but there was poor use of the few 
interactive activities. The resources were perceived as useful to the learning. 
Students’ assessment in the unit is based on the discussion of case studies; 
answers in examination have reflected mostly a surface approach learning: 
facts, but no development of reasoning in the answers. 
 
The results of the evaluation of the on line site and the examinations answers 
motivated us to further develop the on line site with the aim of encouraging 
active learning and time-on-task. Using interactive activities that are 
interesting and enjoyable can help students develop inclination and 
sensitivity in the thinking of the discipline. 
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Introduction  
 
Principles of effective teaching and good practice have been explored by several authors, and are 
the corner stone of learning (Chickering and Zelda, 1987; Ramsden, 2003). Two of these are 
encouraging active learning and emphasizing ‘time on task’.  Application of these two principles 
can be facilitated by the various media modes available. Learning experiences have been classified 
in relation to media forms (see table below, Laurillard, 2002, p.90). The interactive media forms 
give investigative and exploration experiences that are facilitated by web resources (amongst 
others) (Laurillard, 2002).
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Learning experience Methods/technologies Media forms 
Attending, apprehending 
Investigating, exploring 
Discussing, debating 
Experimenting, practising 
Articulating, expressing 
Print, TV, video, DVD 
Library, CD, DVD, Web resources 
Seminar, online conference 
Laboratory, field trip, simulation 
Essay, product, animation, model 
Narrative 
Interactive 
Communicative 
Adaptive 
Productive 
Active learning requires that students engage with the subject matter, through the activities 
provided. The interaction, although usually implying interaction with external influences, can also 
take place internally, as students analyse their learning process or question their understanding. 
Learning and thinking skills are distinct entities but necessarily complement each other (Marton & 
Ramsden, 1988). Similarly reflection on learning in specific content domains, e.g. physiology, is 
preferable to learning “metacognitive skills” (Marton & Ramsden, 1988). 
 
The use of technologies to foster active learning and critical thinking require that students engage 
with the technologies on offer. Two aspects underpinning course management systems (CMS) in 
the development of interactive web resources are the learner-centred capabilities and the CMS 
curricular capabilities (Weigel, 2005). 
 
The learner-centred capabilities may be grouped in three main areas: self confidence in one’s 
ability to engage with the activities, a favourable dispositional behaviour towards the activities, 
and knowledge management. 
 
Self confidence in one’s ability is needed to engage in critical thinking activities (Weigel, 2005). A 
lack of such confidence leads students to rely on a surface approach of learning facts and figures 
as this seems safer. So both the ability and the self-confidence in this ability are needed. We need 
to develop in students the confidence that they are able to develop critical thinking. 
 
Dispositional behaviour modulates students’ approach to their learning of specific topics. The 
Project Zero “patterns of thinking” project has identified three logically distinct components 
necessary for favourable dispositional behaviour towards critical and creative thinking, namely 
ability, inclination and sensitivity (Harvard Graduate School of Education, Project Zero). The 
ability to think is a natural characteristic of being human. Critical thinking is at a higher level of 
intellectual functioning which needs to be developed.  
 
Knowledge management is also important as another learner-centred capability (Weigel, 2005), 
especially as students progress to more advanced units/courses in their degrees. In the unit on 
which this paper is based and for which new OLT developments are planned students need to 
bring previously acquired knowledge and skills to develop their critical thinking skills: not all 
topics and concepts studied in the preceding years/semesters are relevant, so it is important that 
students discern the ‘useful’ ones and establish links between bits of knowledge. Further 
developing knowledge management skills also helps students gain confidence overall. 
 
As well as the learners-centred aspects, OLT projects should also have specific CMS attributes to 
facilitate the development of the students capabilities detailed above. These CMS capabilities 
would include a discovery-based learning aspect – i.e. active learning through on-line activities for 
example; a context-relevant aspect – i.e. situated cognition, (Brown, Collins and Duguid, 1989): 
this aspect is easily met in the unit presented here as it relates to our human bodies and how 
diseases develop, the interest of students is maintained as they can relate to the material; and 
finally a teach-to-learn capability where material is developed to foster learning, for example high 
quality and easily implemented synchronous presentation, (Weigel, 2005), with interspersed 
interactive exercises; avoiding a replication of the chalk-and-talk approach and its passive aspects. 
 
The aim of the on line development presented here is to foster in students the self confidence 
necessary to their critical thinking evolvement while at the same time developing students’ 
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abilities, inclination and sensitivity, the three elements favouring dispositional behaviour towards 
engaging in critical thinking. Further interaction with enjoyable activities by students then meets 
the active learning and time on task principles of effective teaching. 
 
 
Rationale to the Further Development of the On Line Resources 
 
Description of the Academic Structure of the Unit 
The Unit Clinical Physiology is a third year unit taken by some students in second year. It is 
designed for students in Biological Sciences and Nutrition. The unit builds on understanding and 
knowledge of basic units in Anatomy and Physiology as well as 2nd level units in Physiology. The 
teaching strategies aim to assist students in understanding the rationale for development of the 
pathophysiology, diagnostic investigations and treatment of major disorders of the human body. 
The unit is delivered on campus as 2 compulsory lectures weekly and tutorials that expand on 
topics studied in previous years. Although not strictly following the problem-based-learning (PBL) 
approach, the unit uses case histories to relate anatomy, physiology and pathophysiology. A 
general anatomy and physiology review of the topic is given prior to presenting pathophysiology 
and case studies: students need to identify the review elements needed for the informed discussion 
of specific case studies. This is similar to the approach in PBL-based curricula. The OLT site was 
designed to support the face to face delivery by providing access to relevant materials and 
interactive activities. Computer-based instruction has been shown to improve the performance of 
students in several disciplines, and students liked their classes more when they received help on 
the computer (Bronwell and Eison, 1991).  
 
In order to be able to discuss case histories competently students need to ‘understand’ physiology. 
One important aspect of understanding physiology and subsequently discussing case histories is 
learning the words associated with the discipline and acquiring the skill to use these words “in 
ways that correctly communicate their intended meaning” (Michael and Rovick, 1999). There are 
three levels building towards the understanding, as described by Michael and Rovick (1999): 
“Facts, isolated pieces of physiology knowledge, must also be acquired (the sinoatrial 
node is the pacemaker of the heart…). Concepts, larger and more organized pieces of 
information describing physiological function, are also facts to be acquired (… the 
specificity of membrane receptors for hormones). Finally, one must learn the 
relationships between variables (mean blood pressure = cardiac output x total peripheral 
resistance;…)” 
Students will need knowledge management skills to see the links between these facts, concepts 
and relationships and the discussion of case studies, the main thrust of the unit. Building on this 
primary understanding, students can then learn to make qualitative predictions about “the direction 
in which some physiological parameter or parameters will change when a perturbation is 
introduced in a physiological system” (Michael and Rovick, 1999).  Students can then also learn to 
formulate clear and precise explanations of physiological phenomena, for example “providing a 
stepwise description of the causal sequence of events that results in an observation to be 
explained” (Michael and Rovick, 1999). In the unit mentioned in this paper the emphasis is on the 
study of pathophysiology, using clinical examples, hence the name Clinical Physiology for the 
unit. 
 
Self-confidence in their abilities and favourable dispositional behaviour towards critical thinking 
in Physiology need to be developed by interacting with the material presented in lectures and 
tutorials. As students gain confidence and ‘sensitivity’, which we can define here as the ability to 
discourse using the language of anatomy and physiology, they will develop the ability to develop 
their own activities related to the material, for example asking and answering questions. 
 
The academic delivery aspects of the unit, i.e. the use of case histories discussion in tutorials, have 
been analysed (Goss, Winslett, Matt and Rowe, 2003):  
Students’ recognition of a shift in their learning has been demonstrated by reference to 
the positive learning effects of tutorial groups. Tutorials were designed as a dynamic 
social and active communicative learning tool and comments indicated an awareness that 
greater participation in groups could be beneficial to learning and feelings of a learning 
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community… By agreeing that more than one opinion emerged from a group discussion, 
participants identified a shift in their oral communication skills and their learning from 
uni structural to multi structural approaches. 
 
The analyses of the online component of the unit form the basis for the changes described in this 
paper. 
 
 
Previous Studies: Flashlight Evaluation Results 
The existing OLT site was analysed using the Flashlight Evaluation, which consists of a 
triangulation between technology, activity and learning outcome (Ehrmann, 1992). The 
methodology to the development of the study has been described elsewhere (Goss et al, 2003). 
Informed by the results, further enhancements are being put in place.  
 
Essentially the question we asked was “how effective is the OLT site as a support to your 
learning”. Survey items were designed and analysed as grouped variables that collectively 
represented the following elements of the Flashlight model: Technology, Technology/Activity 
Link, Activity, and Activity/Learning Link (figure 1). 
 
 
                                                     Technology- unit site online 
 
                        Activity- Design, navigation,              Learning outcome – relational or higher           
                        activities, integration of  order thinking of the content, feeling of 
                         resources in OLT unit                         community within the site structure, 
engagement with content and unit design 
 
Figure 1: The triangulation of the Flashlight Model as applied to the unit/course. 
 
Responses were given on the four-point scale: strongly disagree, disagree, agree, strongly agree. 
 
Overall the lowest element was the Activity element (2.2 ± .72) reflecting poor use of the site for 
interactive activities, exemplified in the result of 2.18 for the item “I completed some on-line 
reflective questions”. Students hardly ever used the discussion forum available with each topic. 
Items underpinning the Activity/Learning Outcome Link element scored close to 3 on the scale, 
except for the item “the way the content is structured is helpful” (2.5). This result prompted us to 
immediately restructure the site prior to the development of the on-line activities for the site. 
 
The Technology/Activity Link element included 9 items to test the appropriateness of the site. All 
items scored close to 3 (2.7 to 3.10) except for the item “I used email to communicate with the 
student group” (2.3), again this reinforced the lack of use of the interactive opportunities and the 
need to better design more activities to meet the principles of good teaching already alluded to: 
active learning and time-on-task. 
 
Students found the site useful for their purposes (although those were not spelt out), well 
integrated with the learning objectives and allowing them to more effectively carry out their 
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learning tasks. Students used the site mainly to access lecture materials, practice revision MCQs, 
check assessment details and keep up to date: these are essentially non-interactive aspects. 
 
Students were comfortable using the OLT site as reflected in responses to the Technology element 
items: access off-campus, user friendliness (93.3% agreed or strongly agreed), response time. 
Students were divided on the enjoyment of the site: 53% agreed or strongly agreed with the 
statement “I enjoyed using the site”. 
 
At the same time that the on line site evaluation was conducted the effectiveness of case histories 
for understanding physiology and pathophysiology was also investigated, using the same 
methodology. The “technology” aspect in this case was the use of case histories. On a scale of 1-3 
students rated the appropriateness of these as 2.9. The question asked was how frequently have you 
found that the case histories enable you to see the link between anatomy and physiology and your 
own health (not at all, 1 or 2 times, 3 or more times). Case histories were also found to support the 
lecture content. Comments made by the students illustrated the findings of the evaluation that case 
studies strengthen the effectiveness of understanding between physiology and pathophysiology:  
 “learning how to develop understanding from facts presented” and “This is the first unit I have 
done where I feel I have learned a new approach to understanding. Thank you”. 
 
 
Conclusions from the Flashlight Analysis 
Overall the site seems to meet the students’ expectations (their purpose). The site was functional, 
but lacked enjoyable activities motivating them to spend more time exploring and interacting. It 
seems the site was used mainly as a source of information. Although the critical thinking aspect 
was not explored in this study, it is unlikely to have developed as a result of using the site (the 
only ‘relevant activities’ available were the discussion forum, which was hardly used, and multiple 
choice questions with explanatory answers). As the case histories were received favourably by 
students, it was decided to base the development of the site on the solving of case histories. 
 
 
Standard of Answers in Examinations 
Students’ examination scripts showed a lack of ‘understanding’ of physiology and 
pathophysiology. While some facts were stated, overall they were not integrated into concepts and 
the explanations were unclear. The answers thus indicated that students were using mostly a 
surface approach for their learning: facts but not much reasoning in most students’ scripts. In some 
cases the answers were not addressing the questions and little correct factual information was 
present. 
 
 
Site Development 
 
Multimedia CD-ROMs and computer-based programs have helped students in PBL-based courses 
in a wide range of disciplines to “evaluate their learning, explore main concepts and deepen their 
understanding of the whole picture as well as the fine details” (Azer, 2005). 
 
Based on the feedback from the students and keeping in mind our aim to develop critical thinking 
through active learning and time-on-task, the on line site for the unit was redesigned. 
 
The topics were clearly identified, on the page entitled Lecture materials, resources and self-
testing. Within each topic, case histories have been or are being developed under the structure of 
introduction, case description, electronic notepad, resources (including practice MCQs with 
feedback), pathophysiology critical thinking points, critical questions that may be on your notepad, 
discussion of critical questions, exercises. 
 
Active learning will be fostered through 
• The use of the notepad, where students can test how what they have written aligns with 
the questions posed in the ‘pathophysiology critical questions’ section’. 
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• The discussion groups that will be formed in the first week: group work areas will be 
delineated on the website where students can collaborate in groups to develop a case 
history and test ideas about their learning and thinking with their peers. 
• Discussion of critical points at the discussion forum: encourage students to participate by 
adding a chat room and have a tutor in the room at set times, as well as responding to 
students’ queries. This will provide students with feedback on their interactions. 
• Interactive exercises, for example in the form of action mazes, where students choose a 
pathway and are given feedback. This activity is developed using the program 
“Quandary” (Arneil and Holmes, 2004). Mazes will be used especially to illustrate 
difficult concepts. 
 
Time-on-task is the second element we wish to address. As the activities are more enjoyable – and 
this enjoyment aspect will need to be evaluated -, and the students perceive the benefit of engaging 
with them for their studies, they will increase time spent on the subject matter. Feedback given via 
the OLT, in lectures and tutorials, should also encourage students’ participation. Students who are 
actively involved in the learning process show improved academic performance but also develop 
“an intellectual passion for wanting to understand and know the material” (Rao and DiCarlo, 
2001). This then motivates them to spend more time with the material. 
 
Critical thinking will be developed by some of the elements of the site as students reflect on their 
conceptualisation of case studies – in the group work area, chat room and discussion for example 
they will be able to express their ideas, develop concepts, engage in informed discussion about 
cases, and compare their expression of concepts and explanations with those of other students. 
Feedback will also be provided by the tutor and the lecturer. This way the on line site will 
reinforce the concepts discussed in the tutorials. There will be several cases per topic, and some 
concepts will be relevant to more than one, giving students the opportunity to work through 
different but conceptually related problems. This has been shown to foster the development of 
critical thinking skills (Rawson and Quinlan, 2002). 
 
 
Conclusion 
 
Over the last few years the development of course management systems has seen valuable 
improvement. This allows teachers to produce activities that engage the students, promoting active 
learning and time-on-task. In this case it is hoped that as more and more case studies are presented 
the role of the traditional lecturer will decrease, being replaced by students’ active learning 
through the use of discussion fora, moderated chat room and group work, where students will 
interact with one another. The surface approach to learning unconnected points will be replaced by 
a deep approach to apprehend the structure and combine parts to give meaning as case histories are 
discussed and dissected efficiently by the students themselves. 
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